In this work, a series of zinc partially substituted magnetite nanoparticles (Fe 3-x Zn x O 4 , 0 x 0.4), were synthesised through a facile precipitation-oxidation method. The partial substitution of zinc into the magnetite (Fe 3 O 4 ) structure was confirmed by the collective findings of nitrogen sorption, XRD and TG-DTG analysis. It was found that the partial substitution of zinc slightly changed the textural properties of the resultant Fe 3-x ZnxO 4 nanoparticles. From the XRD analysis, there was no visible formation of secondary phase or impurity peaks in the nanoparticles. These findings indicated the partial substitution of zinc into the Fe 3 O 4 crystal structure with a good dispersion within the Fe 3 O 4 matrix.
Introduction
Growing research interest has been evoked in the utilization of magnetite (Fe 3 O 4 ) nanoparticles for the degradation of persistent organic compounds due to their unique properties, including decent catalytic, magnetic, biocompatibility and low toxicity properties [1] [2] [3] .Compared to other types of iron oxide, Fe 3 O 4 offers higher catalytic activity with several interesting structural features [4] . First, the presence of Fe 2+ occupying the octahedral site of Fe 3 O 4 plays a key role as an electron donor to initiate decomposition of hydrogen peroxide (H 2 O 2 ) into hydroxyl radicals (HO • ) following the Haber-Weiss mechanism [5] . Second, Fe 3 O 4 accommodates both Fe 2+ and Fe 3+ on the octahedral sites, allowing the Fe species to be reversibly oxidised and reduced while keeping the structure unchanged [4] . Third, the Fe cations in the Fe 3 O 4 structure can be isomorphically substituted with different types of transition metal cations which can significantly affect the microstructure, physicochemical properties and catalytic activity of the resulting materials [6, 7] .
On contrary, these nanoparticles prone to losing its catalytic activity after successive cycles of reaction due to the considerably slow regeneration of ferrous ions during catalysis [8] . To circumvent this issue, several transition metal cations have been isomorphically substituted into the Fe 3 O 4 structure in order to enhance and sustain its long term catalytic activity as well as its stability [4, 6, 9, 10] . Recent studies have revealed that the isomorphic substitution of Fe 3 O 4 with Mn [6] , Ti [10] , Cr [9] , and Co [4] have significantly enhanced its catalytic activity in various reactions. These enhancement were greatly dependent on the types of substituting metals, it's concentration as well as the occupancy of substitution sites which stimulates an effective generation of hydroxyl radicals (HO•) during catalysis.
However, to our best knowledge, the influence of isomorphic substitution of zinc (Zn) into the magnetite structure has not yet been reported previously. Therefore, this work shows for the first time the physico-chemical investigation of a series zinc partially substituted magnetite nanoparticles with various zinc concentrations. 4 OH solution solution was continuously added dropwise into the mixture until the pH reached a value of 11. The mixture was cooled to room temperature after being aged for 1 h at 90 °C under constant stirring. The resulting black precipitate was magnetically separated and washed three times with deionised water and ethanol and then dried at 60 °C for 48 h. For comparison, the same procedure was employed to synthesise Fe 3-x Zn x O 4 nanoparticles with different cobalt molar ratios (x=0, 0.1, 0.2, 0.4).
Experimental

Materials
Characterisation
The textural properties of the resultant samples were characterised by nitrogen sorption using a Tristar II 3020 (Micromeritics). The specific surface area and pore volume were determined using Brunauer-Emmett-Teller (BET) equation and the single point method. The pore size distribution curves were calculated using non-local density functional theory (NLDFT), from the desorption branch of the isotherms. The XRD patterns of nanocomposites were obtained using X-ray diffraction by a Bruker D8 Advance diffractometer at 40 kV, 40 mA and step size of 0.02° using a filtered Cu K radiation ( = 1.5418 Å). Thermogravimetric analysis was performed on a TGA-DSC 1 Thermogravimetric Analyser (Mettler Toledo). The analysis was carried out by heating the samples from 30 to 800 °C at a heating rate of 10 °C min -1 under nitrogen atmosphere at a flow rate of 60 mL min -1 .
Results and Discussion
The textural properties of the synthesised samples were investigated using nitrogen sorption analysis and results are shown in Figure 1 . The nitrogen adsorption-desorption isotherms for the Fe 3-x Zn x O 4 nanoparticles (Fig. 1a) are of type IV with H2 hysteresis, indicating the formation of mesoporous materials. Noticeable changes in the hysteresis loops of Fe 3-x Zn x O 4 nanoparticles are observed once the zinc molar ratio (x) increases from 0.1 to 0.4, accompanied by the reduction of the total volume. The low x (0 and 0.1) are characterised by narrow hysteresis starting at P/P o = 0.6. This shape broadens for x=0.2 and 0.4 whilst the hysteresis starting points are P/P o = 0.5 and 0.4, respectively. Although these changes in morphology are related to a reduction in interparticle voids, these materials are essentially mesoporous. This is further verified by the pore size distributions in Fig. 1b , clearly indicating the broadness of the pore size distribution reduces as the zinc molar ratio increases. 
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The crystal domain characteristics of (311) planes of both samples were summarised in Table 1 . The crystallite size of the samples reduces with increasing the zinc molar ratio (x) from 0 to 0.4. Whereas a slight expansion in the interplanar spacing of (311) planes were found from 0.2519 to 0.2544 nm. These findings are attributed to a slight alteration in the spinel structural framework due to the difference in ionic radius between iron (Fe 2+ , 0.645 Å and Fe 3+ , 0.64Å) (12, 6) and zinc (Zn 2+ , 0.74Å) (22, 27) cations. However, it is interesting that the crystallite size calculated according to Scherrer's equation shows that by increasing the zinc molar ratio, the crystallite size reduces by 30% (10.08 to 6.99 nm) for Fe 3-x Zn x O 4 nanoparticles. The presence of surface hydroxyl groups were mainly derived from the dissociation of the water molecules adsorbed on the oxygen defect sites which can be correlated with the isomorphic partial substitution of zinc into the Fe 3 O 4 structure [10, 13] . These surface hydroxyl groups can significantly influence the surface properties of materials [6, 14] and adsorption of pollutants within the vicinity of the active sites during catalysis [15] . 
